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When one whispers "MEMS' the word" the obvious pun appears to be in jest. It isn't. The word on the busy streets 
of San Francisco at SEMICON/West, and at over 40 annual conferences this year, is that the MEMS-based 
'microsystem,' or 'micromachine' business indeed has the potential of transforming our society. 
/~  s in the early days of conven- 
tional semiconductor comm- 
,k Jkercialization, there is a 
considerable amount of impressive 
work already going on in the field of 
microsystems technology (MST). Yet, 
outside the knowledgeable core, few 
seem to comprehend the full MEMS 
potential. Thanks to a number of key 
international catalysts, that's chang- 
ing. This MEMS/MST update will 
attempt o sort things out for you, 
define what is meant by 
MEMS/MST, and guide our III-Vs 
Rev/ew readers towards answers to 
questions that are only now being 
formulated by those interested in 
learning more about MEMS/MST. 
Clashes in 
nomenclature? 
What one calls this 'emerging' field 
depends on your viewpoint and, like 
so many subjects we address in these 
pages, MEMS aren't really all that 
new. MEMS pressure sensors 
appeared before 1960. In Asia, the 
term used is 'micromachines.' In 
Europe, it tends to be 'microsys- 
tems.' In the USA, what began as an 
acronym for 'MicroElectroMechani- 
cal Systems' - -  MEMS - -  remains 
the dominant term. It frequently 
isn't even capitalized anymore, nor is 
it restricted to microelectromechani- 
cal. In fact, the term MEMS also 
denotes the process by which the 
actual device is fabricated. Microsys- 
tems technology (MST) is the overall 
discipline, and is now considered a
subset of conventional integrated 
circuit (IC) manufacturing. Despite 
what you may hear, current MEMS 
processes are compatible with CMOS 
IC fabrication. 
The increasingly eclectic field of 
MST can combine any number of 
device functions including optical, 
chemical, and biological, as well as 
mechanical and electrical. One 
should be cognizant of the fact that 
the differences in nomenclature can 
result in market projections that 
range from $4 billion to $40 billion 
by the year 2000. MEMS is the most 
restrictive term (i.e., the process of 
creating the devices), 'microsystems' 
is the broadest erm, and 'microma- 
chining' is considered the most 
elemental word, but also the most 
inclusive. The most accepted esti- 
mates are that the field will reach 
approximately $15 billion by 2000. 
Whatever you call them, the devices 
produced by the discipline are 
exceedingly small, with critical 
dimensions of less than 1 mm, and 
they tend to be amazingly complex, 
and intelligent. However you want to 
estimate their potential, the field is 
destined to be rather lucrative for a 
'niche' technology, which is why the 
global semiconductor industry world 
is making them welcome. 
According to Karen Markus, 
Director of the MEMS Technology 
Applications Center at MCNC in 
Research Triangle Park, North 
Carolina, the company that manages 
much of DARPA's MEMS activities, 
MEMS is the "merging of computa- 
tion with sensing and actuation into 
an integrated system-based solution 
for problems pertaining to the physi- 
cal world." The technology as a 
whole, which all parties only recently 
seem to have agreed to call 'MST' 
(although Texas Instruments and 
others called it that years ago), has 
grown out of the widespread infra- 
structure which was developed in the 
US for the manufacture of standard 
integrated circuits. As Karen 
explains, "the US approach to 
MEMS applies the repetitive layer- 
ing, batch-processed wafer methods 
of the integrated silicon circuit 
manufacturing industry to achieve 
revolutionary strides in mechanical 
miniaturization and system integra- 
tion." 
Another primary catalyst organi- 
zation in the US is Case Western 
Reserve University in Cleveland, 
Ohio, under the direction of 
Mehran Mehregany. Mehregany's 
team at Case underscores that 
among the starting materials we at 
III-Vs Review track closely, the wide 
bandgaps uch as SiC and diamond 
will likely play a critical role in the 
future of MEMS as the processes and 
device designs become more popu- 
lar, since the intended operational 
environments for MEMS devices are 
considerably more harsh and 




Emulating the humans who create 
them, MEMS devices attempt to 
mimic one or more of our five basic 
senses. These tiny systems generally 
comprise sensors that gather envi- 
ronmental data, integrated circuits 
that process the data collected, and 
actuators that influence the environ- 
ment in some desired way. An excel- 
lent illustration is the Pathfinder 
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The Sojourner taking an alpha proton X-ray spectrometer measurement of the rock 'Yogi' on 
the surface of Mars. (Courtesy of JPL/Caltech. Sojourner TM, Mars Rover TM and spacecraft 
design and images @1996-97, California Institute of Technology. All rights reserved.) 
'micro-robot' that recently invaded 
Mars. The little 'Sniffer' rover 
bumped into the 'Barnacle Bill' 
rock, gathered data on old Bill, 
analyzed what he was made of, and 
obediently and quickly sent the 
information back to NASA's Jet 
Propulsion Lab back on Earth. 
While Pathfinder is technically 
too big to be a microsystem, it's a 
good first generation model for 
understanding the concept of 
MEMS/MST. Pathfinder allowed 
safely earthbound humans to take 
part in the Mars invasion (or 'fact 
finding mission,' if you prefer) for a 
fraction of the cost and effort it 
would have taken to send humans to 
do the same task. And by using fun 
names and terms, the JPL scientists 
and CNN made us feel an affinity 
with the Mars lander and rover simi- 
lar to that felt when the first humans 
set foot on the moon. 
Compared to what we currently 
regard as conventional, or 'macro' 
systems, microsy~tems will be signifi- 
cantly smaller in size and weight, 
consume considerably less power, 
presumably be more reliable, and 
definitely be cheaper. A typical end 
system for a MEMS-based device that 
was shown at the MEMS/MST tutor- 
ial at SEMICON/West by the 
luncheon speaker, Roger Grace, was 
a simple, handheld digital tire pres- 
sure gauge that instantly provides a 
precise digital readout. The arbitrary 
pricetag of a single MEMS device is 
about $5. The trick is to make it for 
less than one can ultimately sell it for 
a concept some developers have 
yet to grasp. A more upscale applica- 
tion for MEMS devices is the 'labora- 
tory on a chip' concept we're 
hearing so much about lately. The 
object is to eliminate the need, and 
the excessive time required, to 
process collected samples in an 
expensive lab, by putting the lab in a 
portable field system that doesn't 
require much training to operate. 
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Who's who in MEMS/ 
MST? 
It's hard to say if, to date, the cata- 
lysts have done a marginal job of 
getting their message across prop- 
erly, or if we reporters imply have 
done a poor job of understanding 
the field. Hopefully, with the 
increased focus, we'll all improve. 
Like any energetic new technology, 
however, there is clearly a "lunatic 
fringe" that have possibly dissuaded 
some from entering the field. 
Microbots that look like giant 
insects out of a sci fi movie invading 
the battlefields of tomorrow tend to 
fuel the paranoia. The truth is, the 
microscopic mites you've seen in 
pictures that look like they're actu- 
ally driving the gears on a MEMS 
device produced at Sandia are there 
primarily for perspective (although 
at the rate a mite can reproduce 
and given the effectiveness of their 
bite, harnessing them up for 
constructive work isn't such a bad 
idea.) 
Sandia National Laboratories in 
Albuquerque, New Mexico, is doing 
some of the most exciting and most 
sensible processing of leading edge 
MEMS devices. The Berkeley Sensor 
and Actuator Center at UC Berkeley 
in California is another leading 
MEMS lab. I see considerable 
wisdom in prospective large scale 
manufacturers licensing from such 
laboratories rather than starting 
from scratch. 
Where do you go to get compre- 
hensive information? The three 
people I've come to depend on, and 
who generously give of their time 
and talents to keep people steered in 
the right direction are Ron Horwath 
of SEMI (Mountain View, Califor- 
nia), Roger Grace, a noted consul- 
tant in the field (Roger Grace 
Associates, San Francisco, Califor- 
nia), and Steve Walsh of the New 
Jersey Institute of Technology (NJIT 
in Newark, New Jersey). These three 
people are establishing a steering 
committee for SEMI's new 
MEMS/MST roadmap to point the 
way toward rapid commercial- 
ization, which the three underscore 
is a very "industry-driven" venture. 
They are also catalysts for an 
exceptional series of conferences 
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The dust mite measures approximately 300 pm across. Small driving gear diameter is 50 IJm, 
while the large gear measures 1600 IJm in diameter. (Courtesy Sandia National Laboratories.) 
sponsored by SEMI and the Engi- 
neering Foundation, called 
"Commercialization f Microsystems," 
which was last held in Kona, Hawaii, 
in October, 1996. The next such 
event will be in San Diego, Califor- 
nia, September 13-17, 1998. The 
attendee list from Kona reads like 
the who's who of MEMS and the 
proceedings i a must read for seri- 
ous participants in the field. To 
obtain a copy, contact Dan Hovis at 
SEMI. 
MEMS industry. There is definitely a
lack of understanding by developers 
as to what the customers really want 
and need, as well as a lack of under- 
standing by the user community as to 
the benefits of the applications. 
There is also an incorrect perception 
that MEMS/MST is something simi- 
lar to, but different from, the IC 
industry. In rerality, MEMS is a subset 
of the IC industry and really a 
custom application. Although MEMS 
is primarily technology-driven at this 
point, the entrepreneurs that have 
entered the field are meeting with 
tremendous acceptance when their 
end products are properly marketed 
by highly focused commercial 
marketeers. MEMS for MEMS' sake 
alone makes little sense unless tied 
into integration and higher levels of 
value added. 
Due to the interdisciplinary 
nature of the field, a natural isola- 
tion currently exists between device, 
electronic, and packaging teams. 
Catalysts in I:he field are focusing 
hard on solving these problems. 
The most crilical technical areas yet 
to be addressed are in packaging, 
and one of the crying needs is for 
more people to get into the MEMS 
foundry business. One of the first to 
enter is Standard Microsystems 
Corporation (SMC), located in 
Hauppage, New York. In the past 
five years, SMC has already 
produced over 20 million MEMS 
devices in their 21,000 sq. ft. clean 
room. 
The next time we hear about 
MEMS in conjunction with 
compound semiconductors, I'd like 
to be able to report that SiC and 
diamond developers are looking seri- 
ously at providing foundry services 
for those interested in pursuing 
MEMS/MST. I 'd also like to hear 
from the growing number of 
compound ~,.emiconductor epitaxy 
foundries on this score. How about 
you? 
How to create a 
successful MEMS 
industry 
The Kona, combined with SEMI- 
CON/West discussions, yielded some 
enlightening facts of MEMS/MST 
life. Namely, what it's going to take 
to actually create a truly successful 
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